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ABSTRACT
The purpose of this research was to determine the 
effects of photoperiod upon the growth habit and flowering 
of Southern pea plants. Growth habit and flowering response 
under different day-length were also recorded for the F^,
Fg and F^ plants.
Based on previous observations, variety trials and 
breeding studies, seven varieties (Alabunch, Vigna cylindrica, 
Winter Pea, Burma Pea, Cabbage Pea, White Kadoorie and Run­
ning Acre) were selected for breeding work from observational 
field plantings from spring to fall of 1956. These varieties 
were planted in greenhouse beds on December 19, 1956.
Seed obtained from the greenhouse crosses (Alabunch x 
Vigna cylindrica, Winter Pea x Burma Pea, White Kadoorie x 
Cabbage Pea and Running Acre x Cabbage Pea) were planted in 
the field on March 17 to obtain seed for the fall planting.
The F^, F 2 and Fq were planted together in field plots of 
Arredondo Fine Sand at the University of Florida Horticultural 
Unit on September 15, 1957. Another planting was made on 
April 15, 1958, which contained the same plant material. Two 
additional field plantings were made, September 15, 1959, and 
April 15, 1960, in which the Winter Pea x Burma Pea cross was 
taken into the F^.
xii
Greenhouse experiments were conducted at Louisiana 
State University during the winter of 1959. Parental 
varieties, four crosses and reciprocal crosses were crown 
in light, chambers with 10, 12 and 14 hours of daily illu­
mination. Each received 10 hours of natural daylight with 
the additional illumination supplied by daylight fluorescent 
light at 500 foot-candle power. Grafting studies were car­
ried out in each of the light ctiambers above in an effort 
to translocate the flowering stimuli from the scion to the 
root stock.
Differences in growth habit were observed when the 
spring crop was compared with the full planting. Tn the fall 
planting, parental varieties, Kj and K^ > plants were taller 
with less width than similar plants when grown as a spring 
c r o p.
When the progenies were compared with the parents, 
differences in growth habit, were also observed, The Kj were 
semi-vi nin.g plants which were taller and wider than the 
parents. Two pairs of alleles which control plant growth 
habit were involved, one for vining VV and one for tall T T .
The flowering response varied with the different 
planting dates and crosses. Three varieties (Alabunch, burma 
Pea and Cahbage Pea) flowered abundantly in the spring and 
sparsely in the fall. In contrast, three varieties (Vigna 
cy 11 ndri ca . White Kadoorie and Dunning Acre) J'lowered
xi i i
sparsely in the spring and abundantly in the fall. One 
variety (Winter Pea) did not flower in the spring; however, 
it flowered profusely in the fall. The F^ plants produced 
more flowers in the spring and less flowers in the fall
than the most abundant and sparse flowering parents.
In the Fg, abundant and sparse flowering plants 
were present in approximately a 3:1 ratio in the spring; 
the ratio was reversed in the fall.
In the Fg, seed from Fg plants which flowered abun­
dantly in the spring produced plants which flowered abundantly 
and sparsely in the fall in approximately a 1:7 ratio. Seed 
from sparse flowering Fg plants in the spring produced only 
abundant flowering plants in the fall.
In greenhouse studies, growth habit and flowering in 
the 10 and 14 hour chambers were similar to that observed in 
the field in the fall and spring. Plants with the 12 hour 
treatment were intermediate in growth habit and intermediate 
to greater in flower production.
In graft studies, flowering varied with the stock, 
scion and light chambers.
Pod and seed production followed the same trend for 
flower production in field and greenhouse experiments.
xiv
INTRODUCTION
In certain Fg populations of Southern peas a rela­
tive! y small percentage of the plants fall to produce 
flowers when grown as a spring crop. Some varieties 
either flower sparsely or fail to flower under these condi­
tions. However, when grown as a fall crop they behave 
quite differently in growth habit, as well as flower 
production, than they did in the spring. The above 
responses were observed by Lorz (109) and by the author.
Since floral initiation and development in numerous 
plant species were known to be strikingly controlled by 
photoperiod, it seemed desirable to determine what effect 
this factor might have on the flowering responses of 
Southern pea varieties, their F^ progeny, and those F., 
individuals that exhibit the flowerless character.
A difference in growth habit of varieties of 
southern peas in fall plantings from that observed in 
spring plantings was also observed by Lorz (109) and the 
author.
At Gainesville the growing season for southern peas 
extends from early April to late November. The length of 
day from sunrise to sunset increases from lil hours, 03 
minutes on April 15 to 14 hours, 3 minutes at the solstice
1
zon June 21, and then decreases to 12 hours, 27 minutes on 
September 11 and 10 hours, 44 minutes, on November 11 (150), 
There is some additional twilight both night and morning 
that may be phot©periodically effective for southern peas, 
but to what extent is not known. It thus seemed possible, 
if a photoperiod factor is involved in the flowering and 
growth habit of this species, that the critical photoperiod 
for the flowerless types might be either longer or shorter 
than the natural durations available locally.
Since a flower-inducing stimulus had been transferred 
from one variety of soybean to another by grafting, this 
procedure was also tested for southern peas.
The present study considers the effects of photo­
period upon the flowering and growth habit of southern pea 
plants. Inheritance of growth habit and flowering response 
under different day-length was also reoorded.
REVIEW OF LITERATURE
The effect of light period duration on the response 
of plants to the environment has been studied for over 200 
years. The first reference in literature to the influence 
of length of day on plants is that found in Carl von Linne's 
book published in 1739, wherein he ascribed the rapid growth 
and early maturity obtained by plants in polar regions to 
additional heat supplied by continuous sunlight rather than 
to the additional light as such. Later Henfrey (1852), 
Schubeler (1879), Kjellman (1878-1879), Siemens (1880), 
bailey (1891-1893), Rane (1894) and Corbett (1899) found 
that accelerated growth anti more rapid development could be 
obtained in plants by increasing the length of the daily 
light period. The results of these studies indicated fur­
ther that, in general, plants do not require a daily dark 
period (14, 49, 176).
The work of T o u m o i s  (1911) suggests that attainment 
of the flowering stage may be hastened by a relatively short, 
rather than a long dally light period (49).
Klebs (116) as early as 1913 seems to have had a 
fairly definite idea that the time of flowering of some of 
his experimental plants (Sempervirum furdcii) was determined 
by the length of d a y . Not being able to obtain flower
3
4development In winter by changes In nutrition, temperature, 
or moisture, Klebs exposed them to continuous illumination. 
These illuminated plants produced flowers in the same green­
house in which other non-illuminated plants remained 
vegetative. Klebs concluded that light acts not only as a 
nourishing factor but also as a catalyst.
Positive proof that light was the inducing factor in 
the flowering of plants was presented in 1920, when Garner 
and Allard (60) found that Nicotiana tabacum var. Maryland 
Mammoth, which was entirely vegetative during the summer 
and early fall near Washington, D. C., flowered in the green­
house as the days shortened. They also found that successive 
plantings of soybeans made at short intervals during the 
spring and summer all tended to flower at the same date.
They called plants of this type which flowered when the 
days were shortened short-day plants. Plants like Raphanus 
sativus var. Scarlet Globe, in which flowering was promoted 
by long natural days, whereas its root enlargement took 
place on short days, were classified as long-day plants. 
Plants like N. tabacum var. Connecticut Broadleaf, in which 
flowering was not dependent on day-length, they recognized 
as indeterminate or day-neutral. Mikana scandens. which 
flowered when the day-length was between 13.5 and 14.5 
hours, was designated by Allard (2) as an intermediate type.
Garner arid Allard (60) suggested the term "photo- 
periodism" to represent the response of an organism to the
relative length of day or night, and "photoperiod*1 to desig­
nate the favorable length of day for each organism.
By the simple means of exposing only parts of a 
plant to definite photoperiods, Garner and Allard (09) 
were able to show in Cosmos that the effect is largely 
localized. Knott (87) in 1934 demonstrated with spinach 
that the initial effect of a photoperiod is received by the 
leaves and transported to the buds. The photoperiodic 
stimulus could not be produced in buds alone.
Hammer and Bonner (7Q)further showed in Xanthium 
pennsylvanicum that the floral inductive stimulus is pro­
duced in the leaves and can be translocated (by grafting) 
from the leaves of one plant to the floral buds of a plant 
exposed to a non-inducing photoperiod, thereby causing it 
to flower. These two workers 1 so showed, by exposing 
different parts of * he same plant to different light inter­
vals, that the portion exposed to a non-inductive photo­
period could be made to flower by the effect of the part 
exposed to the inductive photoperiod.
Cajlachjan (28) in 1936, by removing the mature 
leaves from millet plants exposed to a favorable photoperiod, 
showed that the fully expanded leaf is the receptor of the 
photoperiodic stimulus. He (30, 31) postulated the existence 
of a floral inducing hormone.
In regard to the type of plant growth as affected by 
day-length, Garner and Allard (56) noted that a laily light
period intermediate between that favorable only to vegeta­
tive growth and that favoring only flowering tended to cause 
vegetation and flowering to progress simultaneously. Deats 
(41), working with numerous plant species, concluded that 
the amount and rate of growth in height and stem diameter 
were directly proportional to the length of day. McClelland 
(112), experimenting with three potato varieties and two 
photoperiods of 10 and 15 hours, reported that the longer 
light exposure favored the growth of tops, while the 
shorter photoperiod favored tuberi2a t i o n . The plants grown 
under the longer light exposure tended to be indeterminate. 
Arthur et^ . al_. (7) found that potato plants of Irish Cobbler 
variety increased greatly in weight of tops produced when 
given daylight plus six hours of additional light each night 
The increase in weight of tops was proportional to the photo 
period given, up to approximately 18 hours. An increase in 
vegetative growth with an increase in day-length in potatoes 
has been reported by McClelland (112), Arthur e_t. al^ . (7), 
Doroshenko et«al. (43), Razumov (136), Stevenson and Clark 
(154), Werner (174), and Hackbarth (65).
Psarev (135) found that plants of chick-pea (a lon*- 
day plant) decreased in stem diameter as the day-length was 
increased, using photoperiods ranging from 10 to 18 hours. 
Edmundson (46) reported on studies with potatoes, with 
photoperiods ranging from 9 to 17 hours, that the different 
photoperiods had little effect on stem diameter but had a
7significant effect on the height of plants. The tallest 
plants were produced with the longest day-length period. An 
increase in potato stem elongation under long-day conditions 
was also reported by Schick (45), Miller and McGoldrick (115), 
Werner (172, 173), and Beaumont and Weaver (10). Miller and 
McGoldrick (115) reported further that the growth habit of 
potato plants tended to be indeterminate under long-day 
conditions. Borthwick e_t. al_. (19, 20, 2 2 ) found that stem 
elongation was positively associated with floral initiation 
in many species of long-day plants. Flammarion (55) found 
abnormal elongation of the principal axis in several species 
of plants under the influence of the red rays. Withrow and 
Biebel (182) rioted that light from an incandescent lamp gave 
similar results to that produced by red light with regard 
to potato plant growth and development.
Razumov (137), Withrow and Benedict (181), and 
Katunskij (82) showed a similarity between the red portion 
of the visible spectrum and the white radiation of an incan­
descent lamp in inducing the photoperiodic responses in 
long-day plants, when both types of light were applied to 
supplement the short-day lengths.
Recent research work has been completed to investi­
gate the photoperiodic response of some long-day plants to 
different types of light sources. Doxator (54) found sugar 
beet grown for seed failed to produce seedstalks until 
incandescent filament lamps were substituted for the
8fluorescent ones to supplement the winter day-length. 
Borthwick and Parker (54) designed experiments for further 
investigation of the response obtained by Doxator with sugar 
beet. In addition to other long-day plants (annual beets 
and annual Hyoscyauus) were included in their experiments. 
They used incandescent and fluorescent lamps as sources of 
light. The fluorescent light was strikingly less effective 
than the incandescent filament lamps in inducing flowering 
of the plants tested.
Numerous workers have shown that flowering of long-day 
plants occurs best in continuous light (Hamrier and Naylor, 
72), (Mashkov, 93), (Razumov, 93), (Naylor, 119), (Lang and 
Melchers, 93), and Lang and Llverman (106). They also 
showed that flowering of long-day plants does not require a 
suitable alternation of light and dark period for its promo- 
tion, as in the case of short-day plants.
Claes and Lang (93) reported that, with cycles longer 
than 24 hours, the critical day-length may decrease signifi­
cantly. In Hyocyamus niger (long-day plant) the critical 
day-length under 24-hour cycles Is 10 to 11 hours, whereas, 
under 48-hour cycles it is less than 9 hours. The authors 
concluded It is the length of light period rather than short­
ness of the dark period which determines the critical day- 
length for long-day plants.
The term "photoperiodism" is in some respects a 
misnomer, because the time-dependent phases of the reactions
9which result in flowering of short-day plants and in inhibi­
tion of flowering of long-day plants apparently occur during 
the dark periods rather than during the light periods, and 
the effect on the plant depends on the length of the unin­
terrupted dark period. Liverman and lionner (105) state that, 
under the environmental conditions to which the plants are 
ordinarily subjected, the dark period of each 24 hour cycle 
exerts the controlling Influence upon floral Induction in 
both long and short-day plants. In long-day plants induction 
occurs only if the dark period is less than a given critical 
value .
Hamner (67) is of the opinion that in nature both types 
of plants are determined by the length of night. In short- 
day plants flowering tends to be stimulated by long, dark 
periods, while in long-day plants flowering tends to be 
inhibited by long, dark periods.
Garner and Allard (60) found the darkening of Soja 
wax var. Peking and Aster llnarifolius for four hours in the 
middle of the light period had no effect on inducing flower­
ing. Emsweller e_t. a l . (48) found as short a time as one 
minute with 160 foot-candles of illumination 8 hours after 
the start of the 16-hour dark period would cause soybeans to 
remain vegetative.
Naylor (119), Hazumov (93), Ounning (33), Claes and 
Lang (93), Borthwick ejt. al_. (22), Parker et^ . ai. (130, 131), 
Harder and Bode (165), Hamner and Bonner (71), Hamner and
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Naylor (72), Mashkor (93, 106), Lang and Liverman and Lang 
and Melchers (93) demonstrated the effects produced on photo- 
periodically sensitive plants by long days (accelerated 
flowering of long-day plants and postponement of flowering 
of short-day plants) nay be equally well obtained by sub­
jecting them to a few hours of light each day and interrupting 
the following dark period by a very short "light break" which 
may be relatively low in intensity. The effectiveness of such 
a light break is maximum when it occurs about or a little 
after the middle of the dally dark period. The sensitivity 
to a light break increases up to this point during the dark 
period and declines from this point downward. They also 
showed the amount of light required to promote flowering, 
applied as dark period interruption, was much lower than 
when applied in the form of uninterrupted light (supplemental 
to daylight).
Malchensky (94) coined the phrase "light impacts” for 
light treatments of short duration applied to plants during 
the dark period. He succeeded in producing an increased 
yield and an acceleration of growth of certain garden crops 
(lettuce and cucumber) and cereals (wheat) by applying 
several interruptions of short duration during the dark 
period.
Katunsklj (SS), working with Phaseolus and pea (long- 
day plants) applied illumination of 50 luxes for a period of 
five minutes of every dark hour (24-hour cycle). He
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concluded that these illuminations hastened the flowering of 
long-day plant s, especially when grown under short day condi­
tions. The degree of effectiveness of the illuminations was 
directly proportional to their duration.
Borthwick and Parker (15), working with six varieties 
of strawberry (short-day plant) noted the relative respon­
siveness of the plants to light applied in the middle of the 
dark period or at the end of the natural day. The plants 
received a basic 11-hour photoperiod with the dark period 
interrupted near the middle with l/3, 1 or 3 hours of incan­
descent radiation at an intensity of 20 to 40 foot-candles 
at plant tops. Runner production was a function of the 
duration of the light-break. In fact, the addition of 3 
hours of light in the middle of the dark period resulted 
in production of about as many runners as were formed by the 
plants which received either 6 or 9 hours of continuous arti­
ficial light at the end of the day. Moreover, the dark period 
interruption exerted an inhibitory effect on flower bud forma­
tion that increased as the duration of the interruption was 
increased. They concluded that the regulation of vegetative 
responses in strawberry depends on the length of the dark 
period, rather than length of photoperiod.
Naylor (119) carried out experiments on dill (long- 
day plant) to determine the effect of interrupting a 15-hour 
dark period of incandescent light with an intensity of 100 
foot-candles at plant tops. The interruptions, starting in
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the middle of the dark period, ranged from 10 minutes to 6 
hours. He found that stem elongation in the plant exposed 
to interruptions of 10 to 30 minutes was no different from 
that of the controls. In the treatments receiving more than 
30 minutes, the degree of stem elongation was directly pro­
portional to the amount of illumination applied during the 
dark period.
Skvortzkov (149) used light impacts of one hour dura­
tion on Perilla ocymoides (short-day plant), accomplished by 
the use of 40-watt electric lamps. The light impacts were 
applied at 3 and 6 hours after the beginning of the dark 
period. He noticed that the later the light impact was 
applied, the greater its effect on plant growth. He also 
found than., by application of light impacts, the Perilla 
plants grown under short-day conditions behaved like those 
under long-day regions, irrespective of the light source.
Borthwick et^ . al. (19) interrupted the dark period 
(12.5 hours) of Wintex Barley (long-day plant) with high 
light Intensity from an incandescent light source. The 
interruption ranged from 1 to 64 minutes and was applied 
during the two hours following the middle of the dark period. 
The promotion of flowering and a close positive correlation 
between stem elongation and spike development was noted 
under these conditions. Most of the change occurred within 
a range of 25 to 50 foot-candle minutes of light intensity.
Parker et.. al. (131) induced Hyoscyamus nlger (long-
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day plant) to Initiate floral pritnordia by interrupting a 
12-hoar dark period near the middle with light of an intensity 
of about 100 foot-candles, for one hour duration. Wareing 
(165) found that Scotch pine made better growth when sub­
jected to an interrupted dark period than when grown with 
a normal dark period. Zahner (185), working with two Pinus 
species, used 200 watt incandescent lamps suspended about 3 
feet over the plants for 30 minutes to interrupt the middle 
of 14.5 hours dark period. The plants made better growth 
than when grown under normal dark period.
Harder e_t. al. (73) found that the effect of light 
interruption on the short day plant Kalanchoe blassfoldiana 
was entirely independent of temperature. The inhibiting 
effect of one minute interruption of the dark period on 
flowering was the same at 8 , 11 and 26° C. The authors 
concluded that the effect of night interruption on flowering 
was exerted through photochemical processes alone.
Ezzat (49) conducted an extensive review of literature 
on the photoperiodic response of the Irish potato plant, a 
long-day plant. Due to the large amount of research con­
ducted on the photoperiodic response of the potato, a review 
of his work should be of value to the student of photo- 
periodism.
In regard to the ability of plants to initiate and 
form flower buds in total darkness, Jones and borthwick (80), 
and Clark and Lombard (39) showed that potato plants grown in
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total darkness initiated flower buds but the number of buds 
was fewer than on plants grown in the light. Similar results 
were also obtained by Leopold (95).
The experiments of Garner and Allard (5G) were the 
firat to demonstrate that the potato requires a long photo­
period in order to form open flowers suitable for pollina­
tion. They found a daily light period of 18 hours largely 
promoted vegetative development only. Under these condi­
tions flower buds appeared but the petals never unfolded.
With a natural day-length of 14 to 15 hours the plants 
flowered freely. They also found that flowering was increased 
by shortening the day-length from 18 to 14 hours but, with 
days of 10 to 5 hours duration, flowers formed but did not 
ope n .
The experiments of Stevenson and Clark (154)showed 
that flowering by potato was much greater when the short 
winter day was lengthened for 6 hours. Free flowering 
varieties were affected more by an increase in day-length 
than were the poor flowering types. Clark and Lombard (39), 
experimenting with several varieties of potatoes under 
different photoperiods found that the number of open flowers 
was greatest under a 16 hour photoperiod and least under a 
light period ranging from 9 to 11 hours. Significant 
varietal differences were also found. One variety had an 
optimum day-length for flowering of 18 hours, whereas another 
produced the largest number of flowers when a photoperiod of
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24 hours was provided. They also reported that lengthening 
the day in winter had little effect on the initiation of 
flower prlmordia.
Jones and Borthwlck (80), in photoperiodic tests with 
the Sebago variety of potato, found that floral primordia 
were laid down at about the same stage of development of the 
plant under either long or short photoperiods. They con­
cluded, if the length of photoperiod did not influence the 
number of flower primordia initiated, then the failure to 
obtain many blossoms with short photoperiods resulted from 
the premature abscission of young buds.
Clark and Lombard (39), in studying the relation of 
length of day to flower and seed production in potato plants, 
concluded that, in spite of varietal differences, the 16- 
hour photoperiod gave the best results. Miller and 
McGoldrlck (115), in experiments on three varieties of 
potatoes, found that a photoperiod of 18 hours gave the 
greatest number of blossoms and the heaviest set of seed 
balls.
Werner (171), in his studies on the effect cf high 
light intensity upon flower development in the potato plant, 
found that both flower and berry production were increased 
by increasing the intensity of light. Werner (173) found 
later the most extensive blossom, berry and seed production 
occurred with a 24-hour photoperiod. A decrease in light 
intensity or of the photoperiod to 18 hours resulted in
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reduced blossom and berry production. The shortest photo- 
perlods and least light intensities were relatively ineffec­
tive for the sparse-blooming variety Triumph, and only 
fairly effective for the most readily flowering varieties 
such as Katahdin.
Edmundson (46) working with several potato varieties 
and different photoperiods ranging from 9 to 17 hours found, 
although the photoperiod length did not influence the number 
of flower primordia initiated, it markedly influenced the 
number of buds reaching maturity, which was least under the 
shortest day-length used and the greatest number under the 
longest. Improved flowering of the potato under long day 
conditions has also been reported by Dorosenko (43), Upensky 
(163), and Driver and Hawkes (45).
Driver and Hawkes (45) stated that flowering in pota­
toes was favored by long days and greatly depressed by short 
days. A long day did not markedly increase the number of 
flower primordia differentiated but rather increased the 
number of flowers which reached anthesis. According to 
Hawkes (75) flowering in the potato plant Is not dependent 
upon the length of day but rather on the quantity of light 
received during the day. A long day of high latitude sup­
plies as much light as a short day in tropical regions.
In nearly all existing theories of the mechanism of 
photoperiodism, each complete cycle of light and darkness 
is regarded as a unit whose effect is independent of the
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preceding or following cycles, although accumulation of a 
flowering substance over a number of favorable cycles, up to 
a critical level has been foreseen, after which floral 
initiation would take place. In these theories, little atten­
tion is paid to the fact that accumulation can occur in 
short-day plants if favorable cycles follow one another, but 
not if long days are interposed.
It is now known, however, that all plants must attain 
a certain stage of development before floral buds will be 
initiated under normal conditions or by photoperiodic treat­
ment. Usually a minimum number of leaves must be produced 
before the flowering stage is attained. Short-day plants 
will flower when they are exposed to a period of uninter- 
tupted darkness exceeding some minimum length called the 
critical dark period. Long day plants will flower when they 
are kept under continuous light, but they require photoperiods 
of shorter duration, if the dark period is interrupted briefly 
by light of low intensity. The dark period, therefore, 
appears to be of critical importance to both long and short- 
day plants.
According to Horthwick e_t. al^ . (20), the differences 
in the photoperiodic response of long and short-day plants 
are possibly due to differences in balance between various 
reactions in the series that lead to flowering rather than 
to differences in kinds of reactions. This Indicates the 
general basic and operating mechanism of the light break is
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the same in both long and short-day plants; yet, in each type, 
the response is opposite to the other. Consequently it could 
be inferred, within limits, that the reverse of an explanation 
offered to interpret the response of one photoperiodic type 
could be adapted for the other type.
Claes and Lang (166) have pointed out a light inter- 
tuption near the beginning of the dark period acts in con­
junction with the previous main light period, while an 
interruption near the end of the dark period complements the 
main light period which follows. The authors, in discussing 
the results with Hyoscyamus niger, suggested a light-break 
may interact in some way with the main photoperiod when the 
interval between them is relatively short, and it is imma­
terial whether the light-break precedes or follows the main 
photoperiod.
Withrow and Withrow (177) reported that, if the light 
period is interrupted by a short period of darkness, its 
effectiveness is not seriously altered. However, if the 
Interruption is as great as 90 minutes, a long day is no 
longer effective as such. Garner and Allard (60) and 
Cajlachjan and Rupcheva (168) stated that interruption of 
the main photoperiod by a period of darkness of several hours 
has little effect within certain limits and the plants respond 
as if they had received continuous illumination throughout 
the period.
Waring (165), working with liiloxi soybean (short-day
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plant) concluded that flower Inhibition arises from some 
interaction between the light-break and the following main 
light period. He considered the effects of a light-break 
and the main photoperiod as additive when the interval 
between them was not too great.
Bunning (33) has put forward a generalized scheme 
intended to explain the results, so far as is known, of the 
formative and other effects of different conditions of light 
and darkness on plants. The theory does not involve speci­
fic formative substances, but stresses the existence of 
different modes of activity in the plant during the periods 
of light and darkness. He demonstrated two internal or 
endogenous, successive phases in the plant: (l) the light
phase or "photophile* and (2) the dark phase or "Scotophile". 
In long day plants the photophile phase begins about 10 to 
12 hours after the onset of light and falls after about 12 
hours. He concluded that light is favorable to flowering 
during the photophile phase and inhibitory during the scoto­
phile phase.
Gregory (64) suggested a scheme to explain the flower­
ing behavior oi short-day plants. Wareing and Carr (168) 
modified that scheme as follows:
During the main photoperiod two reactions 
run concurrently: (l; a primary light reaction
with a requirement of high light Intensity which 
leads to formation of substance *Af; and (2) a 
secondary light reaction with low light require­
ments which leads to the formation of substance 
*X* from a substrate *S* which, in turn, is 
produced by a slow reaction. This reaction is
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held to be that which is involved in low 
intensity supplementary illumination. The 
formation of ,X* also occurs during a light-break.
The inhibitive effect of the light-break on 
flowering, according to Gregory, is held to be 
due to the addition of the *X* formed during the 
nearest main photoperiod, so that the total quan­
tity of *Xf is raised to a level which completely 
inhibits the formation of 1H* from fA f (which 
can occur only during the initial hours of dark­
ness, when a high level of *Af is available. The 
above scheme is represented as follows:
(1 ) C0 „ high light A dark it
** reaction
(2 ) Slow non-photochemical S low light requirement X
reaction
Evidence was brought forward in support of the view 
that, in long-day plants flowering is promoted by "X" and 
inhibited by "It".
The most recent theory to explain the photoperiodic 
control of flowering and other plant responses to light is 
that proposed by Borthwick et. al^ . (23). The theory is that 
most plant responses, including flowering, are controlled by 
a reversible photoreaction through the mediation of a pig­
ment of unknown chemical nature arid concentration. The 
pigment can be converted according to the theory, to either 
one of two forms, depending on the type of light applied, red 
or far-red. The essential contribution of the pigment idea 
is the expression of the physiological response as a function 
of the fractional conversion of the pigment into the active 
form, whichever tliat may be, and finding of minimum values 
for the products of the respective absorption coefficients
and the quantum efficiencies for conversion of the two pig­
ment forms. This reversible photo reaction is temperature 
independent in either direction. The following is an 
illustration of this photo reaction:
Red Radiant v
Pigment 1 + (A reactant)   Pigment 2 + changed
Far-Red reactant
Red-absorbing Far-red absorbing
Borthvick e^. al. (25), in studies of the effect of 
differences in the color and intensity of light on plant 
responses, reported red light, properly applied, prevents 
flowering of some plants, promotes germination of many 
seeds, prevents elongation of stems, and often promotes red 
coloring in plant parts. In each instance, far-red light 
nullifies or reverses the action of the red. This trigger­
ing mechanism for plant development has been found by the 
above authors. Removed from corn plants and partly puri­
fied, the triggering substance is a light-sensitive pigment 
that occurs in two reversible forms. Exposing them to 
different day wavelengths of red light converts one form 
of the pigment to the other. This pigment is a protoin 
that acts as an enzyme. It is known to be blue because 
this is the color capable of absorbing red light, but it is 
present in such small amounts it does not give a color to 
plants.
Domingo (42) investigated on a genetical basis the 
failure of a small percentage of certain populations of
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castor bean to produce flowers. He grew plants throughout 
the growing season at Beltsville, Maryland, and found the 
character was evident only in the segregating generations of 
certain crosses. In such crosses plants of both the parental 
and Pi populations flowered, and the percentage of flowerless 
individuals was relatively uniform for the F*2 populations 
investigated. Earlier work (42) with castor bean had also 
shown some plants In F populations to exhibit the flowerless 
character.
Scully and Domingo (145) further investigated the 
flowerless F 2 plants in castor bean. They found the flower­
less plants remained vegetative when grown with several 
different photoperiods and likewise when grafted either as 
stock or scion vegetative plants which subsequently were 
induced to flower.
Vigna sinensis is day-neutral; however, Lorz (109) 
has observed varieties of southern peas to differ in pro­
fusion of flowering and growth when grown as a spring or 
fall crop. Some varieties behave differently in both flower­
ing and growth habit in a fall planting under short-day 
lengths when compared to a spring planting under long-day 
lengths. This tends to confuse the plant breeder, since a 
poor-flowering F£ plant in a spring planting could be an 
excellent flowering plant if it had been grown in a Tall 
planting. The author has also observed the similar respon­
ses .
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Awtrey (9) gave the author seed of winter pea, a 
variety of southern pea which does not flower until late fall 
regardless of whether it is planted in the spring or fall. 
When planted in the spring It remained vegetative until late 
fa l l .
In his studies Mendel (113) reported the gene which 
results in tall plants showing dormancy to the gene for 
dwarfing. A simple 3:1 ratio for tall and dwarf plants was 
found in the population. In addition, a gene foi vining 
was reported by Norton (124); it is conditioned by one pair 
of alleles. A ratio of approximately 3:1 for vining and 
bunch plants was found in the population.
Teas (157) reviewed some examples of physiological 
characteristics that are genetically determined. Differences 
in maturity date because of a single gene or a small number 
of genes has been reported for many plants. In some cases 
these differences in earliness are clearly photoperiodically 
controlled; in others it is not obvious whether earliness 
results from a different photoperiodic response or from 
earlier photoinductive sensitivity.
Maize is day-neutital; therefore, floral initiation 
occurs at any time of the year. Schaffner (143) considered 
that maize floral development was affected by photoperiod, 
since most varieties produced pistillate flowers in their 
staminate inflorescence when grown without supplementary 
illumination in winter. Singleton (147) has described a
short-day mutant called indeterminate growth (id). Galinat 
and Naylor (51) more critically studied inflorescence 
development in id plants, and Liverman (103) workeu with a 
similar or identical mutant of independent origin utilizing 
controlled growth chambers. As usually grown in the United 
States out-of-doors, id plants are killed by frost before 
flowering, since the critical photoinductive day length is 
13 hours (G1 ) . In segregating families grown under long-day 
conditions, the normal plants flower while the id plants 
remain vegetative and can be photoinduceu by short days. If 
short-day photoinduction of id plants is followed 10.5 to 
11.5 hour days, the staminate inflorescence develops normally 
if the postinductive days are longer than 15 hours, the 
terminal inflorescences are partly pistillate and prolifer­
ate numerous plantlets that can be rooted and serve as a 
means of vegetative propagation (51, 103). Id is thus a 
short-day mutant in which development of the inflorescence 
is especially sensitive to day-length.
Allard (3) in work with tobacco, which is day-neutral 
in its light response, found a recessive short-day mutant 
called mammoth, which is indeterminate during the long days 
of summer. Flowering of mammoth Nicotiana tabacum occurs 
on short days and is not depandent on temperature in the 
ordinary range. Lang (94) reported the normal allele of 
mammoth is incompletely dominant. Steinberg (153) studied 
crosses from mammoth N. tabacum with N. rustica. where the
mammoth progeny were backcrossed to N. rustica. The derived 
mammoth N. rustica grew indeterminately during the summer 
and flowered irregularly in the greenhouse during the 
winter. It was discovered that these plants have a cold 
requirement and flower independently of day length. Here 
it appears the mammoth gene alternately conditions a cold 
or a short-day requirement for flowering, depending upon 
the genetic background. As the author points out, the 
mammoth gene in N_. rustica needs to be retransferred to N_. 
tabacum for an unambiguous interpretation.
Although ordinary rice is day-neutral, some varieties 
exhibit a short-day flowering response when tested under the 
proper day length conditions. In the simpler cases among 
his intervariety crosses, Chandraratna (35) found the short- 
day form is inherited as a single dominant gene. The evi­
dence in other crosses Indicated modifying genes are super­
imposed on the simple genic day length response.
Little and Cantor (101) found early flowering in 
sweetpea was determined by a single recessive gene. The 
early flowering form bloomed on short days; the late flower­
ing type required long days.
A maize mutant called corn grass (Cg) responds to day 
length in an unusual way. Plants carrying the Cg gene tiller 
profusely, have narrow leaves, and produce poorly defined 
ears and few staminate flowers when grown on long days (147, 
175). The plants are hardly recognizable as maize. On
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short days, Cg plants have a greatly reduced number of 
tillers and resemble normal plants In appearance and 
Inflorescence. Cg can be regarded as a short-day mutant 
in which long-day conditions prior to floral initiation 
cause abnormal inflorescence and vegetative growth.
Little, Cantor and Robinson (102) reported a reces­
sive gene for earliness in marigolds which made the plants 
flower in 12 instead of 17 weeks during the summer, but 
both early and late flowering types bloomed in 11 weeks 
during the short days of winter. Weiss (169) listed two 
gene pairs which affected earliness in soybeans. One condi­
tioned a dominant late-flowering tall type versus early 
flowering short; the other is a dominant gene for earliness 
versus lateness with no marked influence on plant stature.
In Arabidopsis Rarer (74) found the late-flowering charac­
ter to be dominant, with the likelihood that different 
degrees of earliness were due to multiple alleles; further­
more, on short days there was evidence modifying genes 
played a role in flowering (91).
In tomato fruit, the recessive gene yellow (y) 
determines yellow versus colorless cuticle (78). In their 
studies of the light coloring process in tomato cuticle, 
Piringer and ileinze (133) measured the action spectra for 
formation of the flavinoid pigment and found it to be identi­
cal with curves for the photoperiodic response as represented 
by inhibition of Xanthium floral initiation and the promotion
of lettuce seed germination. The y gene determines whether 
the flavinoid pigment can be produced in response to light. 
There is no evidence to indicate whether the failure of 
pigment formation in the y fruits is attributable to the 
absence in the fruit cuticle of the photoperiodic pigment 
or to the failure of some between the receptor pigment and 
flavinoid formation.
The maize mutant lazy, usually regarded as ageotropic 
affects the light response of the plant. Shafer (146) dis­
covered that lazy maize seedlings are initially phototropic 
and negatively geotropic. After a few days they become 
rf.multaneously ageotropic and aphototropic, which indicates 
the bases for the two phenomena may be closely related.
MATERIALS AND METHODS
Preparation of Experimental Material
Based on previous observations, variety trials and 
breeding studies, seven varieties were selected for breeding 
work from observational field plantings from spring to fall 
of 1956. These were selected on the basis of their perform­
ance with respect to the characteristics believed to be 
desirable for uses mentioned in the introduction. Varieties 
which were used in this study were designated with Arabic 
numerals 1 to 7, as shown in Table I, on the following page.
The seven varieties were planted in greenhouse beds 
on December 19, 1956. Rows were three feet long with two 
hills per row with each group of two rows separated from the 
next group by a five foot interval. Twine was extended to 
the greenhouse roof which gave additional support to the 
vines. Crossing was started in March, 1957, with each group 
of two varieties being crossed, first one variety being used 
as the female parent and then the other.
A new method which was outlined by Lorz (109) was 
followed in making the crosses. In emasculation the largest 
buds obtainable one day before anthesis were selected for 
emasculation. The bud was held point up between the thumb 
and forefinger of the left hand, with the suture which
Z8
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TABLE I
GROWTH HABIT AND FLOWERING RESPONSE OF PARENTAL VARIETIES 
IN OBSERVATIONAL PLANTING FROM SPRING TO FALL OF 1956
Growth
Parental Varieties HabitIt
1. Alabunch Bunch
2/
2, Vigna cylindrica Vining
3. Winter pea Vining
4. Burma pea Bunch
5. White Kadoorie Vining
6 . Cabbage pea Bunch
7. Running Acre Vining
ing ~  Fall
Growth
Flowering Habit Flowering
Abundant Bunch Sparse
S jarse Semi- 3/ 
vining Abundant
None Vining Abundant
Abundant Bunch Sparse
Sparse Semi-
vining
Abundant
Abundant Bunch Sparse
Sparse Semi-
vining
Abundant
1/ Bunch - indicates an upright type of plant growth 
with no vines.
Sj/ Vining - indicates a prostrate type of plant growth 
with long vines on the ground.
3/ Semi-vining - indicates an upright type of plant 
growth with vines on the ground.
30
unites the margin of the banner facing the observer. With a 
sharp but spatulate pointed forceps, the suture was carefully 
opened, the margins separated and the left (observer's left) 
half of the banner everted and held down with the thumb of 
the left hand. The left wing was pushed aside, exposing 
the distal end of the coiled keel* After Inserting one tine 
of the forceps into the last turn of the spiral, the upper 
side of the keel was torn loose, exposing the anthers and the 
distal portion of the pistil. A few anthers were removed 
directly but the majority were easily reached from underneath 
aftar the stigma and distal end of the style had been lifted 
up until free and clear of them.
A fresh flower shortly after anthesis was selected for 
pollination. The flower was grasped in the left hand as 
Indicated in emasculation procedure and the left wing or 
both corolla wings were grasped with ths right hand and pulled 
downward. This action in a fresh flower caused the stigma and 
the usually pollen-laden bearded distal end of the style to 
become exserted from the open end of the keel. The exserted 
style was then grasped with the forceps, removed and used as 
a disposable pollination brush. Following the application of 
pollen to the stigma of the emasculated bud, the overted 
left side of the banner was returned to near normal position 
inside the closed cup-shaped halves of the banner. The 
partially open suture was sealed with a small patch of mask­
ing tape.
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Abscission was prevented by the use of a mixture of 
one part glycerine to four parts Karo corn syrup dissolved 
to saturation in parachlorophenoxyacetic acid. PCPA wa3 
added to excess and allowed to settle out at 37° to 40° C., 
which reduces viscosity. After decanting off the clear 
solution, lndolebutyric acid wms added to excess and allowed 
to settle out. The clear solution was then saturated with 
both growth regulators. After pollination, a small droplet 
of the material was applied from the end of a wire.
Field Experiment s
The seed which were obtained from the greenhouse 
crossings were planted in the field on March 17 to obtain 
additional seed for the fall planting. Also, crosses were 
made in the field to increase the supply of seed lor the F^.
The F j , F and parental varieties were planted 
together in field plots of Arredondo Fine Sand at the Uni­
versity of Florida Horticultural Unit on September 15, 1957. 
Plants were spaced Z feet apart in rows 4 feet apart. Twenty 
hills wore planted to the F^ and parental varieties, while 
100 hills were planted to each cross and reciprocal cross. 
Each hill was thinned first to two plants and later to one 
plant after the danger of destruction by insects and seedling 
diseases was pa s t .
The planting received an initial application of 1000 
pounds of 6-8-6 commercial fertilizer per acre with a second
application of 500 pounds after planting.
Malathion was applied each week for insect control.
The air temperature, including day and night, in the 
field where the experiment was conducted, ranged from 40° to
94° Fahrenheit, during the experimental period. Soil tem­
perature at 4-inch depth ranged from 62° to 91° Fahrenheit 
for the same period.
Data obtained from the fall planting included plant 
type characteristics as indicated by plant measurements lor 
height and width and plant growth habit as listed in Table I. 
Records were also taken on the photoperiodic response, which 
included number of flowers produced at 50 and 60 days and
number of dry pods produced per plant.
The , Fg and parental varieties were planted in 
field plots of Arredondo Fine Sand at the Horticultural Unit 
on April 15, 1958. ihe planting arrangement and data 
obtained were the same as for the experiment the previous 
fall ,
Since it was impractical to continue the progeny of 
all crosses into the F^, only the most divergent parental 
varieties and their progeny (Winter Pea x Burma Pea and 
Burma Pea x Winter Pea) were planted in field plots of 
Arredondo Fine Sand at the Horticultural Unit on September 
15, 1959. Row and in-the-row spacing was the same as the 
previous field plantings. Twenty hills were planted to the 
F^ and parental varieties, 100 hills to the and 300 hills
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to the F 3 . Thinning, cultivation, and observations were the 
same as for the previous field plantings.
The air temperature, including day and night, in the 
field where the experiment was conducted, ranged from 51° to 
95° Fahrenheit during the experimental period. Soil tempera­
ture ranged from 52° to 94° Fahrenheit at 4-inch depth during 
the same period.
Following the 1959 fall planting, another field plant­
ing was made at the University of Florida Horticultural Unit 
on April 15, 1960, which contained the same plant material.
The experiment was conducted in the same manner on the same 
soil type and the previous fall planting. The air tempera­
ture varied from 46° to 93° Fahrenheit, while the soil tem­
perature varied from G2° to 91° Fahrenheit.
Greenhouse Experiments
Greenhouse experiments were conducted at Louisiana 
State University during the winter of 1960. The seven 
varieties (Table I), four crosses (Alabunch x Vigna cyllndrica. 
winter pea x Hurma pea, white Kadoorie x cabbage pea, and 
Ilunning Acre x cabbage pea) and reciprocal crosses were 
seeded in six-inch clay pots on January 6 , 1960. The pots 
were filled with a growing media composed of fifty percent 
peat and fifty percent silt loam soil by volume. Immediately 
after planting, the pots were arranged in a greenhouse bench 
in three separate groups. Each group was considered a
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separate unit composed of seven parental varieties, four 
crosses and four reciprocal crosses replicated four times at 
random. The pots were placed at the same level on the bench 
and surrounded with wet peat to prevent excessive evaporation 
of moisture. A light-weight, rectangular shaped, wooden 
frame, 52 inches x 78 inches x 70 inches, was placed over 
each of the three groups of pots. Dark cloth (blue denim) 
was tailored as a slip cover for each wooden frame in order 
that each of the three groups of pots could be maintained 
in a completely dark environment when treatment called I’or 
this condition. When the frames were covered in this manner 
a double thickness of denim was between adjacent frames. The 
frames were designated by the numbers 10, 12 and 14, which 
corresponded to the length in hours of the daily period of 
illumination in each frame.
In Treatment 10, no artificial light of any type was 
used. The chambers for Treatments 12 and 14 were both equipped 
with a battery of 12 four foot, 40-watt daylight fluorescent 
tubes spaced 6 inches apart to extend the daily period of 
illumination. These batteries were suspended one foot above 
plant tops by nylon clotheslines and pulleys to permit lower­
ing immediately before covers were placed on the frames and 
raising to the tops of the frames after the covers were 
removed. This gave a light intensity of 500 foot-candles at 
plant tops, as registered by a Weston Illuminator Meter 
(Model 756). The light batteries were turned on and off with
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automatic time switches.
The light treatments were begun on January 12, 1960. 
The chambers tor all treatments were darkened with the denim 
covers fVem 4: JO p. m. to 6:30 a. m. The plants in all 
chambers received therefore a total of 10 hours of natural 
daylight.
Treatment 10 received 10 hours of natural daylight and 
14 hours of total darkness.
Treatment 12 received 10 hours of natural daylight and 
12 hours of total darkness plus 2 hours of fluorescent light 
from 4:30 a. m. to 6:30 a. m. to extend the daily period of 
illumination to 12 hours.
Treatment 14 received 10 hours of natural daylight and 
10 hours of total darkness plus 4 hours of fluorescent light 
from 2:30 a. m* to 6:30 a. m. to extend the dally period of 
illumination to 14 hours.
Records were taken on the length of plant stem and 
plant width on March 20 when plants were removed temporarily 
for photography. The number of open flowers produced by each 
Pi ant during the entire experiment was recorded. The number 
of open flowers was counted each morning and tagged to dis­
tinguish them from uncounted flowers the following morning.
The pots were watered with tap water as needed. Orie- 
half pint of starter solution containing 4 pounds of 8-8-8 
per 50 gallons of tap water was added to each pot every two 
weeks. Nicofume and malathion were used as required to
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control Insects.
The plants in each pot were thinned to one healthy 
plant in order that the data be recorded on a single plant 
basis. The growing plants were supported upright by small 
bamboo canes. After pots were removed for photographing on 
March 20, they were placed back in the light chambers.
Strings were attached from the bamboo canes to the top of 
the frames to support further growth of the vines.
The temperature, including day and night, at bench 
level in the greenhouse where the experiment was conducted 
ranged from 70° to 109° Fahrenheit, with a range of 70° to 
75° Fahrenheit for most of the experimental period. The 
relative humiditj varied from 35 to 100 percent for the same 
period. When the experiment was terminated on March 29, the 
number of pods produced by each plant was recorded.
Since the bench space would permit 17 additional 6 -inch 
pots in each light chamber, the Burma pea, Winter Pea and 
Winter Pea x Burma Pea F^ were replicated four times in each 
light chamber. They received the same treatments as the 
other pots in each chamber, with the exception that two 
replicates received a cleft graft. When the first vine began 
to grow, it was removed and a six-inch terminal end was cleft- 
grafted onto it. In each chamber, the following grafts 
occurred: Winter Pea on Burma Pea, Burma Pea on Winter Pea,
Winter Pea on Winter Pea x Burma Pea F and iiurraa Pea on 
Winter Pea x Burma Pea F^ .
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The number of open flowers produced was counted each 
morning and tagged to distinguish them from uncounted flowers.
Statistical analyses were made by use of the Chi- 
square and analysis of variance with the "t* and "D" tests, 
as outlined by Snedecor (151).
RESULTS AND DISCUSSION 
I. FIELD EXPERIMENTS
Growth Habit
The F^ plants from all crosses were significantly 
larger than the parental varieties. In the four crosses in 
which the female parents were short-d^y plants (Vigna cylin- 
drica x Alabunch, Winter Pea x burma pea, White Kadoorie x 
Cabbage Pea, and Running Acre x Cabbage Pea), the F^ plants 
were slightly larger than the F^ plants from the reciprocal 
crosses; the same response was also observed In the F^ > 
population. However, the F^ segregates were Intermediate 
between the parental varieties in size, plant height and 
width measurements, as shown in Tables II, III, IV and V.
Differences in growth habit were noted when the spring 
crop was compared with the fall planting. In the fall plant­
ing, parental varieties, F^ and F plants, were taller with 
less width than similar plants when grown as a spring crop.
The types of plants in the parental varieties, F^ and 
Fg, when grown as a spring crop, are shown in Table VI. In 
the lour crosses, Vigna cylindrica x Alabunch, Winter pea x 
burma pea, White Kadoorie x Cabbage pea, ami Running Acre x 
Cabbage pea vining plants were crossed with bunch plants. The
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TABLE II
GROWTH HABIT OF AUUlUNCH (P-l), VIGNA CYLINDRICA (P-2)
Fj AND F 2 GENERATIONS
Parental 
Varieties, 
Fj and F 2
Planted April 15, 1958 Planted Sept . 15, 1957
Plant Height Plant Width Plant Height Plant Width
I n . I n . I n . In .
P-l 20.525 21.950 10.500 19.000
P -2 16.550 55.025 20.450 44.500
V 1 (P-lxP-2) 21.025 65.550 24.500 56.550
(P-2xP-l) 22.250 68.667 25.750 57.750
F2 (P-1xP-2) 18 .375 48 .500 17.250 31.375
(P-2xP-l ) 20.675 49.250 18.875 33.950
1/
D.05 - 0.8712 2.4141 0.8136 2.2007
\J D.05 values are valid only ton comparison oT means ol'
parental varieties and F^ since the F 2 were excluded
from the analysis.
to
TAHLE III
GROWTH HA [JIT OF WINTER PEA (P-3), SJlJRMA PEA (P-l),
F j  AM) 1'2 GENERATIONS
Parental Planted April 15, 1958 Planted Sept. 15, 1957
Varieties, _____________________________  _____________________________
Fj and F 2 Plant Height Plant Width 1*1 ant Height Plant Width
In. In . In . In.
P-3 12.000 88.700 17.750 74.500
P-4 15 .500 16.500 14.000 15.250
Fj(P-JxP-4) 19.375 96 .500 21.625 8 5,500
(P-4:J>-3) 17.000 93 .760 19 .860 82.375
F 2 (P-3xP-4) 14 .350 58 .67 5 16 .625 46.9 50
(P-3xP-3) 13.900 5 5.12 5 15.435 41 .34 5
1/
D . 05 = 0 .7828 2.5766. 0.8628 2. 1740
1J P.05 values are valid only lor comparison oi' means 06
parental varieties and Fj since the F2 were excluded
from the analysis.
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TAIiLE IV
GROWTH HAiilT OF WHITE KADOORIE (P-5), CAihiAGE PEA (P-6 ),
Fj AND F 2 GENERATIONS
Parental Planted April 15, 1D5R Planted Sept. T7i~ 1 On7
V a r i e t i e s , _______________________________ _____________________ _
Fj and F 2 Plant He ight Plant Width PTant Height Plant Width
I n . In . In . In .
P-5 13.000 08.500 19.000 52.750
P-6 18.000 20.250 15.500 17.000
Fj(P-5xP-6) 2 1 .8 75 89 .075 25.750 00.500
(P-OxP-5 ) 19 .125 84.750 23.500 03 .875
F 2 (P-5xP-6) 15.825 00.250 17 .025 47.950
(P-6xP~5) 14.375 01 .600 16.125 44.375
y
D.05 0.8307 2 . 34 5 5 0.7091 2.2337
\J D.05 values are valid only for comparison of means of
parental varieties and F^ since the F-, were excluded
from the analysis.
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TABLE V
GROWTH HABIT OF CABBAGE PEA (P-6 ), RUNNING ACRE (P-7),
F } AND F 2 GENERATIONS
Parental 
Varietie s,
Planted April 15, 1958 Planted Sept. 15, 1957
F x and F 2 Plant Height Plant Width Plant Height Plant Width
In . I n . I n . In.
P-6 18 .000 20.250 15,500 17.000
P-7 15.000 70.000 23.500 59.525
F y (P-flxP-7) 22.500 79.500 25,750 65.125
(P-7xP-6) 23.750 83.000 27.875 68.425
F 2 (P-6xP-7) 15.375 54.890 18.650 40.845
(P-7xP-6) 16.450 56.125 19,250 42.525
1/"""
D.05 0.8725 2.3096 0.9953 2.1242
\J D.05 values are valid only lor comparison of means of'
parental varieties and F^ since the F2 were excluded
from the analysis.
4 3
TABLE VI
GROWTH HABIT OF PARENTAL VARIETIES, 
PLANTED APRIL 15,
AND Fo GENERATIONS
is 3
Parental
Varieties
and F 2
iiunch Vinin^ Semi-Vlning
Tio.” '......... N o . N o
P-l 20
P-2 — 20 —
Fj (Pj x P 2 ) - - 20
Fj (P2 x P X ) - - 20
F 2 (Pj x P 2 > 30 20 50
(P2 x Pi) 23 19 59
P-3 20 __
P-4 20 — —
F 1 (P3 X P4> - - 20
(P4 x P 3 ) - - 20
F 2 (P3 x P4 ) 21 20 59
(P4 x P 3 ) 27 16 57
P-5 20
P-6 20 _ —
Fj (P x P ) - - 20
‘P6 1 P5> - - 20
F 2 P 5 x P6 24 19 57
(PB x P D ) 27 1 6 54
P-7 20
F1 <P6 X P7> - - 20
(P7 x Pg) - - 20
*2 (Pfl * P 7 ) 27 21 52
(P? x P6 ) 25 17 58
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F plants were semi-vining plants which were taller anti wider 
than the parental varieties. The majority of the F plants 
were semi-vining, with the minority being vining and bunch 
type. This most nearly fits a 9:3:4 genetic ratio for semi- 
vining, vining and bunch type respectively. A similar 
response was also observed in the reciprocal crosses.
In the three crosses, Vigna cylindrica x Alabunch, 
White Kadoorie x Cabbage Pea, and Running Acre x Cabbage 
Pea, semi-vining plants were crossed with bunch plAnts when 
grown as a fall crop. The Fj plants were semi-vining plants 
which were taller and wider than the parental varieties.
The majority of the plants were semi-vining, with the 
minority being bunch type; the segregation is a typical 
3:1 ratio. The response was the same as noted in the recip­
rocal crosses. The data are recorded in Table VII.
Although the 3:1 genetic ratio above is different 
from the 9:3:4 ratio which was observed in the spring plant­
ing, the two plantings were grown under widely different 
daylength conditions. The three short-day parental varieties 
were vining in the spring under long days, while they were 
semi-vining in the fall under short days.
In the Winter Pea x iiurma Pea cross, a vining plant 
was crossed with a bunch plant. The Fj plants were semi- 
vining plants which were taller and wider than either paren­
tal variety. The F segregations best fit a 9:3:4 ratio for 
semi-vining, vining, and bunch type plants, respectively.
45
TABLE VII
GROWTH HABIT OF PARENTAL VARIETIES, Fj AND F 2 GENERATIONS
PLANTED SEPTEMBER 15, 1957
Parental 
Varieties 
Fj and F 2
Bunch Vining
K o .
Semi-Vining
K ’o .
20
20
20
74
80
20
20
57
53
20
20
20
76
72
20
20
20
74
81
P1 (Pi
P-3
P-4
Fn X
X
ft:
P-5
P -6
Fi (Pf
F<
6(P5
f t
X
X
X
X
I*g I
Si
No • 
20
26
20
20
23
30
20
24
28
26
19
;o
20
17
The same response was also observed in the reciprocal cross.
Since the Winter Pea x iturma Pea cross involved the 
most extreme short and long-day plants, the varieties and 
their progeny were observed through the Fj. These obser­
vations are shown in Table VIII. The same response occurred 
in the parental varieties, and F 2 plants, that was 
observed in the earlier plantings.
In the Fj, the seed t'rom bunch type F plants pro­
duced only bunch plants. The seed from vining F plants 
produced only vining plants. The majority of the plants 
from seed from semi-vining F 0 plants produced semi-vining 
plants, with vining and bunch plants being in the minority. 
This most nearly fits a 9:3:1 ratio lor semi-vining, vining 
and bunch type plants, respectively. The reciprocal cross 
gave the same response, with one exception. More vining 
and semi-vining type plants and fewer bunch plants were 
produced when the Winter Pea (a short-day plant) was used 
as the female parent than when the Kurma Pea (a long-day 
plant) was employed as the female parent.
Flower Production
The flowering response (Tables LX and X) varied with 
the different planting dates and crosses. The Alabunch, 
Imrma pea and Cabbage pea varieties produced flowers 
abundantly in the spring planting. In contrast, the above 
varieties were sparse-flowering varieties in the fall. The 
Vigna cyllndrica. White Kadoorie and Running Acre were
47
TABLE VIII
GROWTH HABIT OF PARENTAL VARIETIES, 
F lt F 2 AND F 3 GENERATIONS
Parental
Varieties
F l> F 2 
and F 3
Planted April 15, 1958 Planted S e p t . 15, 1959
Bunch Vining Semi-
Vining
Bunch Vining Semi-
Vining
No . No . No, No . No . No
P-3 - 20 - - 20 -
P-4 20 - - 20 - -
f'i (p3xp4 ) - - 20 - - 20
F i - - 20 - - 20
f 2 (P3rf4 ) 31 18 51 23 16 61
l'2 (P4 xP3 ) 26 15 59 29 15 54
F 3 (P3*P4)
Bunch
300 - - 300
Vining - 300 - - 300 -
Semi-Vining 65 58 177 64 61 175
P 3 <P4*P 3> 
J Bunch
300 - - 300 - -
Vining - 300 - - 300 -
Semi-Vlning 93 48 159 86 52 162
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TABLE IX
FLOWERING RESPONSE OF PARENTAL VARIETIES F, AND F
GENERATIONS *
Parental 
Varieties
Planted September 15,
1957
Planted April 
1958
15,
F^ and Abundant Sparse Abundant Sparse
No . No . N o . N o .
P-l - 20 .0 20.0 _
P-2 20 .0 20.0 - 20.0
(PjXPg)
(P2xl>i )
- 20 .0 
20.0
20 .0 
20.0
-
K 2 (P!XP2 ) 
(P2 lPl)
21 .0 
24.0
79.0
76.0
75.0
70.0
25.0
30.0
P-3 20 .0 - 20.0 -
P-4 - 20.0 - 20.0
*T (p 3*p4 > 
(P4 *P3 > - rc
 
tc
 
o 
o
e 
*
o 
o 20.0
20.0 -
v z (PjXP4 ) 
iP4 xP3 )
26.0
22.0
74.0
78.0
76.0
79.0
24.0 
21 .0
P-5 20.0 - - 20.0
P -6 - 20.0 20.0 -
P 1 <P 5xPfi)
(p6 xP5 )
- 20 .0 
20.0
20.0
20.0 -
F2 (P5 xP6 ) 
( P a ^ s )
23.0
30.0
77.0
70.0
74 .0 
79 .0
26 .0 
21.0
P-7 20.0 - - 20.0
(E;iSI
f 2 (PexP7 ) 
(P7xP6 )
20.0
25.0
20.0
20.0
80.0
75.0
20.0 
20.0 
79.0 
76 .0
21 .0 
24 .0
TABLE X
FLOWERING RESPONSE OF PARENTAL VARIETIES, b\ AND F 2
GENERATIONS
Parental Flowers per Plant Pods per Plant
Varieties 
and F 2
Planted 
Sept .15,1957
Planted 
Apr .15,1958
Planted 
S e p t .15,1957
Planted 
A p r ,15,1958
N o . No . No . No .
P-l 6.56 17 .63 13.50 15.2 5
P-2 23.54 - 35.75 3.50
Fj ( P ^ J . ) 1.45 26 .63 7.16 44 . 25
(p2* V 1 .13 30.25 4.00 24 .88
f 2 (PixPa)
(P2xPi)
4.315 
7 .050
17.632
15.060
7.965 
14 .750
28.050 
24 .875
P-3 23 .05 - 37 .40 -
P-4 7 .00 11 .54 1 5 .50 14 .00
I’ (P3xP.)
1 ( p ^ P q ) -
29 .45 
21 .94 -
54.40
50.40
F (P3XP4 )
(^4 ^ 3 )
7 .750 
5.502
15.190 
21.920
10.250
6.815
26.275 
29.531
P-5 22 .25 - 36.40 0.67
P -6 •1 .38 14 .53 7.50 11 . 57
iSSSsi
2.58 
1 .25
29.85 
20 ;95
1 .04
2 .1 50
4 7 .05 
43 .35
-  iftSf)
7.505
3.03
15.250
17.940
6 .40 
8.70
22 .690 
25.675
P-7 28 .25 - 46.75 8 .75
F (PflxP~)
1 (p?«p2 j
2.45
0.40
30.15 
33 .55
0.75 
3 .42
16 .00 
52 .68
(P7xP 6 )
6.690 
8 .50
33.275
20.825
12.190 
6 .790
26 .440 
29.190
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sparse-flowering in the spring, while they produced flowers 
abundantly in the fall. The Winter Pea variety produced no 
flowers in the spring planting.
The F^ plants from the Vigna cylindrica x Alabunch, 
and White Kadoorie x Cabbage pea crosses flowered abundantly 
in the spring and sparsely in the fall. The reciprocal 
crosses in whifch the female parent was a long day plant, with 
two exceptions, gave a similar response. They produced more 
flowers in the spring than similar plants from the original 
crosses and fewer flowers in the fall.
The average number of flowers per plant of the F., 
plants from all crosses and reciprocal crosses were inter­
mediate between the two parental varieties.
Individually, the F plants varied over a wide range 
in the number of flowers produced by each plant. In the 
crosses, Vigna cylindrica x Alabunch, Winter Pea x ihirma 
pea, White Kadoorie x Cabbage Pea, and Running Acre x 
Cabbage Pea, short-day plants were crossed with long-day 
plants. Plants which flowered abundantly in the fall plant­
ing were in the minority, while sparsely flowering plants 
were in the majority; this most nearly fits a 3:1 ratio for 
sparse and abundant flowering. In contrast, the ratio was 
reversed in the spring planting. Abundant flowering and 
sparse flowering plants were present in approximately a 3:1 
ratio.
The Fg plants from the reciprocal crosses gave a
similar response with two exceptions. They produced signifi­
cantly fewer flowers in the fall and more flowers in the 
spring.
Since the yield of pods gave the same response as 
that for flowers in the parental varieties, F^ and Fr, plants, 
the author will not devote further attention to the subject.
When the Winter Pea x Burma Pea cross was later taken 
into a planting including the F„, the same response occurred 
in the parental varieties, F^ and F 2 plants, that was observed 
in the previous years, as shown in Table XI.
In the F 3, the seed from F^ plants which flowered 
abundantly in the spring produced plants which flowered 
abundantly and sparsely in the fall. This most nearly fits 
a 7:1 ratio for sparse and abundantly flowering plants, 
respectively. The ratio for abundant and sparsely flowering 
plants in the spring was 1:7. Seed from sparsely flowering 
Fg plants in the spring produced only abundantly flowering 
plants in the fall. With one exception, the reciprocal cross 
gave a similar response in the Fg. Seed from the Winter Pea 
x Burma Pea cross F^ plants which flowered abundantly in the 
spring produced fewer sparse and more abundantly flowering 
plants than did seed from F 2 plants from the reciprocal 
cross when both were compared in the fall planting. In 
contrast, seed from F^ plants from the reciprocal cross gave 
fewer sparse and more abundantly flowering plants than the 
original cross when planted as a spring crop.
TABLE XI
FLOWERING RESPONSE OF PARENTAL VARIETIES,
F lf F 2 and f 3 generations
Parental
Varieties Planted September 15, 1957 Planted April 10 1958
F l> F 2 
and FJ
Abundant Sparse Abundant Sparse
No. No . N o . N o .
P-3 20 - - 20
P-4 - 20 20 -
F x (P3xP4 ) 20 - - 20
Fi (P4 XP3 ) 20 - - 20
F 2 (PaxP4 ) 237 63 61 239
P 2 (p 4rfa) 219 81 84 216
f 3 (P3xP4 )
Abundant 
in Spring 37 263 271 29
Sparse
in Spring 300 - - 300
F„ (P4 xP3 ) 
Abundant 
in Spring 28 272 270 21
Sparse 
in Spring 300 300
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II. GREENHOUSE EXPERIMENTS
Growth Habit
In the gieenhouse chambers, the parental varieties 
and Fj plants in the 10-hour chamber were significantly 
shorter and narrower than their counterparts in the 13 and 
14-hour chambers. The plants which received 12 hours of 
illumination were also significantly shorter and narrower 
than the same plants which received the 14-hour treatment. 
Plant height and width are shown in Tables XII, XIII, XIV 
and XV and Figures 1 through 8 .
In the F j , the plants were significantly taller and 
wider than the tallest and widest parental variety. The F 
plants from crosses in which short day plants were used as 
the female parent were significantly taller and wider than 
Fj plants from the reciprocal crosses.
Plant height also varied among the three chambers when 
the experiment was terminated on April 24. Although the 
plants were taller than they were on March 20, they main­
tained a similar relation to each other in differences in 
plant height as that observed a b o v e .
Date of Flowering
In the parental varieties, the long-day varieties, 
Alabunch, Hurma Pea, and Cabbage Pea, produced flowers ear­
lier when exposed to 14 hours of illumination than with the 
12-hour treatment. No flowers were produced hy any of the
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TABLE XII
GROWTH HABIT OF ALABUNCH (P-l). VIGNA CYLINDRICA (P-2)
AND Fj GENERATION 
PLANTED JANUARY 6, 1960 (3-20-60)
Parental
Varieties 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and Fj Height Width Height Width Height Width
In . In . In. I n . In. In .
P-l 6.250 6.250 9.875 11 .875 14 .875 16.000
P-2 8.750 8 .250 13.125 14.500 20.500 17 .250
Fj(P-lxP-2)10.875 11.188 17.875 15.615 24 .000 18.375
F 1 (P-2xP-l)12.250 13.188 19.125 16.375 28 .500 20.375
D.05 - 1.112 1.116 1 .182 1.185 1 .240 1 .148
TABLE XIII
GROWTH HABIT OF WINTEH PEA (P-3), BURMA 
AND Fj GENERATION 
PLANTED JANUARY 6 , 1960 (3-20-
PEA (P-4) 
60 )
Parental 
Varietle s 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and Fj Height Width Height Width HeIght Width
In. I n . In . In . In . In .
P-3 10.000 11.000 14.500 13.500 25.125 16.250
P-4 7.500 8.750 10.500 9 .500 12.625 11.250
Fj(P-3xP-4)14.000 13.500 21.750 17 .750 3-1 .500 20.500
Fj(P-4xP-3)12.625 11.875 18.500 15.375 29,375 18.125
D.05 = 1 .091 1 .075 1 .148 1 .113 1 .234 1 .126
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TABLE XIV
GROWTH HABIT OF WHITE KADOORIE (P-5), CABBAGE PEA (P-6)
AND Fx GENERATION 
PLANTED JANUARY 6, 1960 (3-20-60)
Parental
Varieties 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and K x Height Width Height Width Height Width
In. ■"In. In . I n . I n . In .
P-5 10.500 11 .625 15.063 14.000 23.750 16.875
P -6 8.125 5.750 11.250 11.250 13.750 13.825
F 1 (P-5xP-6)13.188 14 .000 23.250 17.250 37.375 20.750
Fj(P-6xP-5)ll.988 12.875 21.000 15.500 33.250 18.125
D.05 - 1 .084 1 .120 1 .154 1 .107 1 .232 1 .154
TABLE XV
GROWTH HABIT OF BURMA PEa (P-6), RUNNING ACHE (P-7)
AND Fi GENERATION 
PLANTED JANUARY 6, 1960 (3-20-60)
Parental 
Varietie s 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and Fj Height Width Height Wi'**h Height Width
In . In . In. In. In . In .
P-6 8.125 5.750 11.250 11.250 13.750 13.825
P-7 10.500 11.500 20.250 15 .750 22.875 17.875
F j(P-6 xP-7)11.438 12.938 22.250 16.500 27 .750 19.250
Fj(P-7xP-6)13.938 14.500 24 .375 18.500 29.750 21 .62o
D.05 - 1.055 1.075 1 .147 1 .116 1 .54 1 .145
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TABLE XVI
GROWTH HABIT OF PARENTAL VARIETIES AND F GENERATION 
PLANTED JANUARY C, 1960 (4-24-^0)
Parental
  -------------------------
Varieties   Plant Height  _____  _
anti lb-Rour ChamVer 12-hour Cnamber 14-hour Chamber
In , In. In.
p-1 11 .125 15.250 20 .625
P-2 17 .250 26 ,125 41 .8 25
Fi (Pj x P 2 ) 21.750 29.000 56 .000'
Fi (Pa x P x ) ')-) I ‘>e\ 30.875 56.000
P-3 19.875 37,128 53.125
P-4 10.875 12.250 19.250
Ei (P3 x P4 ) 24.825 29 .825 56.000
Fi (P4 x P 3 ) 22.000 28 .825 56.000
P-5 17.125 31.125 54.825
P -6 13.125 14.000 14 .875
Ei (P5 x P6 ) 21,825 33.825 56.000
P 1 <P6 * P S> 22.375 34.250 56.000
P-7 20 .500 33.375 55.375
Ei (P(J x P 7 ) 21 .875 37.750 56.000
Ei (P7 x P 6 ) 22.375 38.375 56.000
1/ PI ant width could not be determined, due to crowding 
and abscission oi lower leaves.
2/ Plant tops had reached the top ol' light chamber.
6o
above varieties which received the 10-hour treatment. The 
Vigna cylindrica, White Kadoorie and Running Acre, short- 
day varieties, flowered later than the long-day varieties 
in the 12-hour chamber. The three varieties flowered earlier 
with the 12-hour than the 10-hour treatment; the Winter Pea 
did not flower in the 12 and 14-hour chambers. The flowering 
data for parental varieties and Fj_ plants are presented in 
Table XVII.
The F plants from all crosses were intermediate 
1
between the parental varieties in date of flowering in the 
12 arid 14-hour light treatments. In crosses where the female 
parental varieties were short-day plants, the F^ plants 
flowered later than the F^ plants from the reciprocal cross.
Flower Product ion
The flowering response is in agreement with the 
results of the field experiments. The Fj plants from all 
crosses produced significantly more flowers than the long 
day parental varieties in the 14— hour chamber and less than 
the short-day with the 12-hour treatment chamber.
The Alabunch, Burma Pea and Cabbage Pea varieties 
produced significantly more flowers in the 12-hour chamber 
than with the 14— hour treatment; they did not flower in the 
10-hour chamber. In contrast, the Vigna cylindrica. White 
Kadoorie and Running Acre varieties flowered significantly 
more in the 10-hour chamber than with the 12-hour treatment. 
The Winter Pea variety flowered profusely with 10 hours of
66
TABLE XVII
NUMBER OF FLOWERS PER PLANT AND AVERAGE DATE FIRST FLOWERS 
PRODUCED OF PARENTAL VARIETIES AND F GENERATION
1
Parental
Varieties 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and Fj Date l/ Flowers Date Flowers Date Flowers
No . No . NO .
P-l - - 2-28 8.00 2-27 1 .50
P-2 3-14 10.00 3-11 4.00 - -
Fl<Pl*Pa >
_ 3-5 14.50 3-3 9 .50
FitPgxPi) - - 3-7 12.13 3-5 6.00
P-3 3-14 12.03 - - - -
P-4 - - 3-2 12.75 2-29 5 .50
F 1^P 3xP 4>
_ — 3-9 13.50 3-4 7.38
Pl(P4xP3) - - 3-6 17.03 3-2 9.50
P-5 3-16 12.00 3-1 2 3.75 - -
P -6 - - 2-29 8 .00 2-26 6.00
K 1<P 5 * V
- - 3-4 14 .03 3-6 7.50
- - 3-6 16 .75 3,4 9.75
P-7 3-12 12 . 50 3-9 6 .00 - -
Fi(P6xP? ) — - 3-7 18.75 3-5 8.03
F i (P?xP 6 ) - - 3-9 15.50 3-7 10.75
1/ Date signifies the date the first open flower was observed.
07
illumination, but it did not flower in either the 12 or 14- 
hour chamber. In the F’ plants from the crosses Vigna 
cylindrica x Alabunch, White Kadoorie x Cabbage Pea, and 
Running Acre x Cabbage Pea, with a short-day plant as the 
female parent, produced significantly fewer flowers in the 
12- and 14-hour chambers than did the F plants from the 
reciprocal crosses. The F^ plants did not flower in the 10- 
hour chamber.
Pod and Seed Production
Since the yield of pods and seed gave a similar 
response as that for flowers in the parental varieties and 
F ^ , the author will not elaborate on the to pic . The pod and 
seed data are shown in Table XVIII.
Grafting Studies
The mean flower pod and seed production of the par­
ental varieties and F^ plants of the Winter Pea x ilurma Pea 
cross varied with the stock, scion and light chambers. When 
the Winter Pea (a short-day variety which flowered only in 
the 10-hour chamber*) was grafted on the Ilurma Pea (a long-day 
variety which did not flower in the 10-hour chamber but 
flowered best in the 12-hour chamber with limited flowering 
in the 14-hour chamber) the plants flowered in the 10, 12 and 
14 hour chambers. However, they produced fewer flowers with 
the 14-hour treatment than with either 10 or 12 hours of 
illumination. More flowers were observed with the 12 than
TABLE XVIII
MEAN NUMBER OF MATURE PODS ADD SEED PRODUCED PER PLANT OF 
PARENTAL VARIETIES AND Fj GENERATION, PLANTED JANUARY 6, 1960
Parental
Varieties 10-Hour Chamber 12-Hour Chamber 14-Hour Chamber
and Pods Seed Pods Seed Pods Seed
No. No . No. N o . hio . No .
P-l _ - 6.75 61 .50 1 .25 8 .50
P-2 2.50 o e o c 10 .50 10.88 1 .25 10 .88
K 1 (Pi*P2 ) - — 4.38 31 .50 3.75 36 .75
^ ( P ^ l ) - - 6 . 50 68.75 2.75 24 .50
P-3 5 .25 61 .75 - - - -
P--1 - - 4 .00 20.50 1 .75 10 .75
Ki(p3xp4 ) - - 7 .25
oo•o 1 .38 21 .75
Fi(P4xP3 ) - - 9.75 95.50 3.50 42.50
P-5 6.00 52.50 1 .88 1 5 . 38 - -
P-fl - - 5.75 46.75 1 .75 10.25
V W
— — 5.00 88.50 3.00 28 .50
P 1 (P8*P5 ) - - 7.75 108.50 3.25 35 .50
P-7 4 .50 46 .5 1 .25 12.68 - -
F 1 (V P 7 )
- - 8 .68 84 .25 3.50 31 .50
I'l(P7xP6 ) 0.25 62.25 2.25 17 .75
tiy
the 10-hour treatments.
With three exceptions, flower production followed the 
same pattern as the above graft when the Ilurma Pea variety 
was grafted on the Winter Pea. More flowers were produced 
in the 10-hour chamber than in either the 12 or 14-hour 
chambers.
When the Burma Pea variety was grafted on the
plants from the cross (Winter Pea x Burma Pea), flower pro­
duction was greatest in the 12-hour chamber with none in 
the 10-hour chamber. The Winter Pea on Winter Pea x Burma
Pea F^ gave approximately the same response with the 10 and
12-hour treatments, with the lowest number of flowers in the 
14-hour chamber.
Yield of pods arid seed gave the similar response to 
that observed for flower production.
TABLE XIX
NUMBER OF FLOWERS, PODS AND SEED PRODUCED iiY GRAFTED AND UNGRAFTED PLANTS
Parental 
Varieties 
Fj and Graft
10-Hour1 Chamber 12-Hour Chamber 14-Hour■ Chamber
Flowers Pods Seed Flowers Pods Seed Flowers Pods Seed
N o . N o . N o . N o . N o . No. No. No. No.
P-3 12.03 5.25 61.75 - - - - - -
P-4 - - - 12.75 4.00 20 .50 5 .50 1.75 10.75
F I (P3 1 P4>
- - - 13.50 7.25 70.50 7.38 1 .25 19.75
(P4 X P 3> - - - 17.03 9.75 95.50 9.50 3.50 42.50
P4 On P3 9.50 2.75 21 .38 11 .50 4 .38 43.88 7.75 1.50 t j. 2o
P 3 on P4 10.50 3.00 24 .25 7.68 2.50 22.38 1.00 4.00
P4 ot, 1^ - - — 14.25 9.38 93. 68 11.75 4 .68 53.50
(P3 X P4>
P 3 on FX
( P 3 X P4> 10.08 4 .50 47.75 10.25 3.75 46.54 6.75 1 .25 17.68
'j
c
SUMMARY
The purpose of this research was to determine the 
effects of photoperiod upon the growth habit and flowering 
of Southern pea plants. (irowth habit and flowering response 
under different day-length were also recorded for the F ^ ,
Fg and F 3 plants.
1. FIELD EXPERIMENTS
Differences in growth habit were observed when the 
spring crop was compared with the fall planting. In the 
fall planting, parental varieties F^ and b\, plants were 
taller with less width than similar plants when grown as a 
spring crop.
The F| plants from all crosses were taller and wider 
than those of the parental varieties. The F^ segregate 
averages were intermediate. In the , F^ and F 3, the pro­
geny, from crosses In which the female parents were short- 
day plants, were taller and wider than plants from the 
reciprocal crosses.
In the spring plantings, four crosses involved vining 
and bunch plants. The F^ population was segregated in a 
9:3:4 ratio for semi-vining, vining and bunch type plants.
In the fal1 plantings, three crosses involved
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bunch and semi-vining plants. A 3:1 ratio for semi-vining 
and bunch type plants was recorded in the F,,. One cross 
was made with vining x semi-vining plants. The F plants 
were semi-vining; semi-vining, vining and bunch plants were 
present In the population in approximately a 9:3:4 ratio.
When the planting included the from one cross 
(Winter Pea x Burma Pea), seed from bunch and vining type 
plants produced only bunch and vining plants. Seed from 
semi-vining plants gave semi-vining, vining and bunch plants 
in a 9:3:4 ratio.
From the above results, it may be concluded that two 
pairs of alleles which control plant growth habit are 
involved, one for vining VV and one for tall TT, The vining 
condition is produced by the W t t  and Vvtt genotypes; the 
vvTT and vvTt genotypes will have the bunch type of growth. 
When the two dominant genes, VVTT, VvTT, VvTt and VVTt, are 
present, a semi-vining type of growth will result.
The flowering response varied with the different 
planting dates and crosses. Plants of the Alabunch, Burma 
Pea, and Cabbage Pea varieties flowered abundantly in the 
spring and sparsely in the fall. In contrast, the Vigna 
cylindrica. White Kadoorie and ttuiuaa Pea varieties were 
sparse-flowering in the spring and abundant-flowering in 
the fall. The Winter Pea variety did not flower in the 
spring.
With two exceptions, the F^ plants gave a similar
7 J
flowering response. They were abundant-flowering in the 
spring and sparse-flowering in the fall. In crosses where 
the female parent was a long-day plant, the F^ plants pro­
duced more flowers in the spring and less flowers in the 
fall than F^ plants from the reciprocal cross. The F^ 
plants from the Winter Pea x ilurma Pea cross and recipro­
cal cross did not flower in the fall.
The F^ plants from all crosses and reciprocal crosses 
produced more flowers in the spring and less flowers Ln the 
fall than the most abundant and sparse-flowering parental 
varieties, respectively.
In the F., plantings, the average number of flowers 
per pi ant for all crosses and reciprocal crosses was inter­
mediate between the two parental varieties. Individually, 
the Fg plants varied over a wide range. Abundant and 
sparse-flowering plants were present in approximately a 
3:1 ratio in the spring planting; however, the ratio was 
reversed in the fall planting. When the female parental 
variety was a long-day plant, more flowers were produced in 
the spring arid fewer flowers were recorded in the fall than 
from the reciprocal cross.
The yield of pods and seed gave a similar response 
as that for flowers in the parental varieties, F^ and Fg 
plants .
In the F_ , the seed from F plants which floweredJ £
abundantly in the spring produced plants which flowered
7-1
abundantly and sparsely in the fall in approximately a 1:7 
ratio. Seed from sparse-flowering; F,, plants in the spring; 
produced only abundant-flowering plants in the fall. Seed 
from Fg plants in which the female parental variety was a 
short-day variety produced fewer sparse and more abundant- 
flowering plants in the fall and more sparse and fewer 
abundant-flowering plants in the spring than did the recipro­
cal cro3s, where the female parental variety was a long-day 
plant .
II. GREENHOUSE STUDIES
In the greenhouse chambers, the parental varieties 
and were shorter and narrower than tlieir counterparts in 
the 12 and 14-hour chambers. Plants which received 12 hours 
of illumination were also shorter and narrower than similar 
plants which received the 14-hour treatment.
In the F^ , the plants were taller and wider than the 
tallest and widest parental variety. The 1'^  plants from 
crosses in which short-day plants were used as the female 
parents were taller and wider than F^ plants from the 
reciprocal crosses.
In the long-day varieties, flower production was 
earlier with the 14-hour treatment than with 12 hours of 
illumination. In contrast, the short-day varieties flowered 
earlier in the 12-hour than in the 10-hour chambers. Long- 
day parental varieties did not flower in the 10-hour chamber
7o
and short-day varieties did not flower in the 14-hcur chamber* 
The Winter Pea variety, a short-day plant, did not flower
with 12 and 14 hours of illumination.
The F plants from all crosses were intermediate 
between the parental varieties in date of flowering iJ1 i*ie 
12 and 14-hour chambers. In crosses where the female parental 
varieties were short-day plants, the F^ flowered later than 
the F^ plants from the reciprocal crosses. The plants did
not flower in the 10-hour chamber.
The flowering response is in agreement with the results 
of the field experiments. The long-day varieties produced 
more flowers in the 12-hour chamber than with the 14-hour 
treatment. In contrast, the short-day varieties flowered 
more in the 10-hour than in the 12-hour chamber. In the F ^ , 
the plants from all crosses produced more flowers than the
long-day parental varieties in the 12 and 14-hour chambers.
The F plants with a short-day plant as the female parent 
produced less flowers in the 12 and 14-hour chambers than F^ 
plants from the reciprocal crosses.
Pod and seed production gave a similar response as 
that observed for flower production in all light chambers.
In the graft studies, flowering varied with the 
stock, scion and light chambers. When the Winter Pea 
variety was grafted on the Burma Pea,, flower production was 
lower in the 12 and 14-hour and higher in the 10-hour
chamber than in the reciprocal graft .
When the Burma Pea was grafted on the Winter Pea :: 
Burma Pea F , flower production was greatest in the la-hour 
chamber, with none in the 10-hour chamber. The Winter Pea 
on Winter Pea x Burma Pea F^ gave approximately the same 
flowering response in the 10 and 12-hour chambers, with the 
least in the 14-hour chamber. The graft of the Burma Pea 
on the F^ gave higher flower production in the 12 and 11- 
hour chambers and less in the 10-hour chamber than when the 
Winter Pea was grafted on the F^.
Yield of pods and seed gave a similar response as 
that observed for flower production.
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GENERAL VIEW OF FIELD PLANTING OF PARENTAL 
VARIETIES, F, AND F., PLANTS, FALL, 1957.1 Arf
PLATE II. GENERAL VIEW OF FIELD PLANTING OF PARENTAL
VARIETIES, Fj AND F PLANTS, SPRING, 1938.
PLATE III. ALABUNCH VARIETY, P-l , IN SPRING PLANTING, 1958.
PLATE IV. V1GNA CYLINDHICA, P-2, IN SPRING PLANTING, 19.j8 .
yo
PLATE V. WINTER PEA VARIETY, P-3, IN SPRING PLANTING, 1958.
PLATE VI. IU IRMA PEA VARIETY, P-4, IN SPRING PLANTING, 195H.
PLATE VII. WHITE KADOOHIE, VARIETY P-5, IN SPRING PLAN TIM
1958 .
PLATE VIII . CAliRAGE PEA VARIETY, P-6 , IN SPRING PLANTING, 
1958 .
V7
PLATE IX. RUNNING ACRE VARIETY, P-7, IN SPRING PLANTING, 1 yf>N.
PLATE X. WINTER PEA VARIETY, P-3, SPRING, ) (J«iO
ys
PLATE XI. liUEMA PEA VARIETY, P-4, SPRING, 19R0
PLATE XII. WINTER PEA x BURMA PEA F
FLOWERING, SPRING, I960.
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PLATE XIII. WINTEH PEA x BURMA PEA F PLANTS, ABUNDANT 
FLOWERING, SPRING, 1960.J
PLATE XIV. ALABUNCH, P-l, PLANTS WHICH RECEIVED 10, 1.1, AN1)
14 HOURS OF DAILY ILLUMINATION.
PLATE XV. VIGNA CYLINDHICA. P-2, PLANTS WHICH RECEIVED
10, 12, AW1) 14 HOURS OF DAILY ILLUMINATION.
PLATE XVI. WINTER PEA, P-3, PLANTS WHICH RECEIVED 10, 1
AND 14 HOURS OF DAILY ILLUMINATION.
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PLATE XVII. 1JURMA PEA, P-4, PLANTS WHICH RECEIVED 10, 12, 
AND 14 HOURS OF DAILY ILLUMINATION.
PLATE XVIII. WHITE KADOORIE, P-5, PLANTS WHICH RECEIVED
10, 12, AND 14 HOURS OF DAILY ILLUMINATION.
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PLATE XIX. CABBAGE PEA VARIETY, P-6, PLANTS WHICH RECEIVED 
10, 12, AND 14 HOURS OP DAILY ILLUMINATION.
RUNNING ACRE, P-7, WHICH RECEIVED 10, 12, AND 14
HOURS OF DAILY ILLUMINATION.
PLATE XX
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PLATE XXI. P-l x P-Z F x PLANTS WHICH RECEIVED 10, 1Z, AND 
14 HOURS OF DAILY ILLUMINATION.
PLATE XXII. P~Z x P-l F, PLANTS WHICH PECEIVED 10, 13, AND
14 HOURS OF DAILY ILLUMINATION.
PLATE XXIII. P-3 x P-4 Fi PLANTS WHICH RECEIVED 10, 12,
AND 14 HOURS OF DAILY ILLUMINATION.
PLATE XXIV. P-4 x P-3 F. PLANTS WHICH RECEIVED 10, 12, AND
14 HOURS OF DAILY ILLUMINATION.
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PLATE XXV. P-5 x P-6 Kj PLANTS WHICII HECEIVED 10, 12, AND 
14 HOURS OF DAILY ILLUMINATION.
PLATE XXVI. P-6 x P-5 F\ PLANTS WHICH RECEIVED 10, 12, AND
14 HOURS OF DAILY ILLUMINATION.
PLATE XXVII. P-6 x P-7 Fi PLANTS WHICH RECEIVED 10, 12,
AND 14 HOURS OF DAILY ILLUMINATION.
P-7 x P-6 Fi PLANTS WHICH RECEIVED 10, 12
AND 14 HOURS OF DAILY ILLUMINATION.
PLATE XXIX. P-l, P-l x P-2 Fi, AND P-2 PLANTS WHICH RKCE1VED
10 HOURS OF DAILY ILLUMINATION.
PLATE XXX. P-l, P-2 x P-l Fi, AND P-2 PLANTS WHICH RECEIVED
10 HOURS OF DAILY ILLUMINATION.
PLATE XXXI. P-3, P-3 x P-4 F,, AND P-4 PLANTS WHICH RECEIVED
10 HOURS OF DAILY ILLUMINATION.
PLATE XXXII P-3, P-4 x P-3 AND P-4 PLANTS WHICH RECEIVED
10 HOURS OF DAILY ILLUMINATION.
PLATE XXXIII. P-5, P-5 x P-6 F i , AND P-6 PLANTS WHICH
RECEIVED 10 HOURS OF DAILY ILLUMINATION.
PLATE XXXIV. P-5, P-6 x P-5 F AND P-6 PLANTS WHICH RECEIVED
10 HOURS OF DAILY ILLUMINATION.
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PLATE XXXV. P-6, P-6 x P-7 F-. AND P-6 PLANTS WHICH RECEIVED 
10 HOURS OF DAILY ILLUMINATION.
PLATE XXXVI. P-6, P-7 x P-6 F1# AND P-7 PLANTS WHICH
RECEIVED 10 HOURS OF DAILY ILLUMINATION.
PLATE XXXVII. P-l, P-l x P-2 Fi, AND P-2 PLANTS WHICH
RECEIVED 12 HOURS OF DAILY ILLUMINATION
PLATE XXXVIII. P-l, P-2 x P-l Fi, AND P-2 PLANTS WHICH
RECEIVED 12 HOURS OF DAILY ILLUMINATION
PLATE
PLATE
XXXIX. P-3, P-3 X P-4 F t , AND P-4 PLANTS WHICH
RECEIVED 12 HOURS OF DAILY ILLUMINATION.
XL. P-3, P-4 x P-3 F1# AND P-4 PLANTS WHICH RKCEIVED12 HOUHS OF DAILY ILLUMINATION.
PLATE X LI. P-5, P-5 x P-6 Fi, AND P-6 PLANTS WHICH RECEIVED
12 HOURS OF DAILY ILLUMINATION.
PLATE XLII. P-5, P-6 x P-5 Fi, AND P-6 PLANTS WHICH RECEIVED
12 HOURS OF DAILY ILLUMINATION.
TAHLE XLJII. P-6, P-6 x P-7 F^, AND P-7 PLANTS WHICH RECEIVED
12 HOURS OF DAILY ILLUMINATION.
PLATE XLIV. P-6, P-7 x P-6 F*, AND P-7 PLANTS WHICH RECEIVED
12 HOURS OF DAILY ILLUMINATION.
PLATE
PLATE
XLV. P-l, P-l x P-2 Fi, AND P-2 PLANTS WHICH RECEIVED
14 HOURS OF DAILY ILLUMINATION.
XLVI. P-l, P-2 x P-l Fi , AND P-2 PLANTS WHICH RECEIVED
14 HOURS OF DAILY ILLUMINATION.
PLATE XLVII. P-3, P-3 x P-4 F t , AND P-4 PLANTS WHICH
RECEIVED 14 HOURS OF DAILY ILLUMINATION.
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PLATE XX.LX. P -5# P-5 x P-6 F x , AND P-6 PLANTS WHICH
RECEIVED 14 HOURS VP DAILY ILLUMINATION.
PLATE L. P-5, P-6 x P-5 F i , P-6 PLANTS WHICH RECEIVED 14
HOURS OF DAILY ILLUMINATION.
PLATE LI. P-6, P-6 x P-7 Fi, AND P-7 PLANTS WHICH RECEIVED
14 HOURS OF DAILY ILLUMINATION.
PLATE LII. P-6, P-7 x P-6 F,, AND P-7 PLANTS WHICH RECEIVED
14 HOURS OF DAILY ILLUMINATION.
PLATE
PLATE
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LIII • PARENTAL VARIETIES AND PLANTS IN 10-11 OlIH 
CHAMBER ON MARCH 20, 1959.
LIV. PARENTAL VARIETIES AND b\ PLANTS IN 12-llOUH
CHAMBER ON MARCH 20, 1959.
PLATE LV. PARENTAL VARIETIES AND Fi PLANTS IN 14-HOUR
CHAMBER ON MARCH 20, 1909.
PLATE LVI* PARENTAL VARIETIES AND F, PLANTS IN 10 AND
HOUR CHAMBERS ON MARCH 20, 1959.
PLATE LVII. PARENTAL VARIETIES AND Fi PLANTS IN 12 AND
14-HOUR CHAMBERS ON MARCH 20, 1959.
PLATE LVIII. PARENTAL VARIETIES AND b\ PLANTS IN 10-HOUR
CHAMBER ON APRIL 24, 1959.
PLATE LIX. PARENTAL VARIETIES AND F, PLANTS IN 12-HOUR
CHAMBER ON APRIL 24, 1959.
PLATE LX. PARENTAL VARIETIES AND Fi PLANTS IN 14-HOUR
CHAMBER ON APRIL 24, 1959.
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PLATE
PLATE
LXI. PARENTAL VARIETIES AND Fi PLANTS IN 10, 12, 
AND 14-HOUR CHAMBERS ON APRIL 24, 1959.
LXII. LIGHT CHAMBERS AFTER THEY WERE COVERED WITH iiLL’E 
DENIM AT 4:30 P.M.
AUTOBIOGRAPHY
Joseph Daniel Norton, son of” Clinton and Duskey Ann 
(Pritchett) Norton, was born at Flat Hock, Alabama, October 
14, 19^7. He attended Flat Hock Junior High School and 
Pisgah H igh School, graduating in 1940.
After larvimr three year’s in the United States Air 
Force, tie entered the Alabama Polytechnic Institute in 
September’, 1040, where he received his bachelor of Science 
degree in Agricultural Fduoation in June, 19>d, and Master 
of Science degree in Horticulture in June, 19>.>.
In June, 19,>0, he was married to Mary r.voiyn, daughter 
of John David and Mary Alberta (Adams) Keene.
He Is a member’ of the First baptist Church, Auburn, 
Alabama, and has participated actively in church work as a 
Sunday school teacher and church member.
He is a member of Camma Sigma Delta, Kappa Delta Phi, 
and A1 pha /,pt a fraternities, Masonic Order, American Society 
for Horticultural Science, Florida Fxtension Agents Associa­
tion, Florida State Horticultural Society, Alabama Kilucation 
Association, and American farm bureau Federation.
He was assistant vegetable crops specialist with the 
Agricultural Fxtension Service at the I'nivorsit.y of Florida 
from 19 £>4 to 1900. Currently, lie i s sorvjn" as assi star t
horticulturist at Auburn University.
tie is a captain in the United States Air force Heady 
deserve and participates actively in tin* reserve training 
program.
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